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Abstract 
Interest in developing hydrogen production technologies stems from the need to develop another source of energy that is 
sustainable and environmentally friendly. This interest results also from the growth in energy needs for hydrogen as a feedstock. 
Water electrolysis is the sustainable and clean hydrogen production process that has reached the industrial maturity. 
In the present work, a techno-economic assessment of hydrogen production using an electrolyser- concentrating photovoltaic 
(CPV) system in Algeria is carried out. Different technologies of solar concentration and of photovoltaic modules are considered. 
The dependence of hydrogen production potential and of hydrogen production cost on these technologies is investigated. By 
comparison to common PV-electrolysis method, the CPV-electrolysis technique offers a much higher production rate at much 
more competitive cost. 
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1. Introduction 
There is a worldwide consensus that alternative sources of energy must be developed. This stems from concerns 
about the conventional energy sources capacity of meeting world energy needs and about the adverse effects on the 
environment resulting from their use. Strong argumentations have been advanced in favour of hydrogen as an 
energy vector [1]. Indeed, hydrogen could be used as a clean and sustainable source of energy, resolving then the 
environmental and availability problems resulting from the conventional energy sources. In addition, hydrogen can 
alleviate the intrinsic problems of renewable energy systems, such as intermittence, site specificity and mismatch 
between energy demand and supply. As an energy vector, hydrogen exhibits the sustainability and the 
environmental friendliness attributes of renewable energy. It exhibits also the high mass energy density and 
capability of long term storage and long distance transport attributes of conventional energy [2]. 
Energy from hydrogen can be used in different fields, ranging from the transport and the power-utility sectors to 
household applications. At the national and international levels, scenarios are proposed and major programs are 
undertaken for hydrogen energy development and implementation [3]. However, a prerequisite for the market 
penetration of hydrogen as an energy vector is its availability at a competitive price. 
Nonetheless, hydrogen is available in nature mainly in combination with other elements and must then be 
produced. To this end, there are various production processes. Each process requires a feedstock from which the 
hydrogen is extracted and a source of energy to enable this extraction. Feedstock could be any raw substance 
containing hydrogen such as water or hydrocarbon. The energy could be of conventional, renewable or nuclear 
origin[4]. Some of these techniques, such as steam reforming and water electrolysis, have reached the commercial 
maturity stage; while others are still at the experimental stage. Hydrogen production using solar energy based 
techniques is currently object of intense investigation [1]. Indeed, thanks to its availability and its renewable and 
pollution-free character, solar hydrogen is considered as one of the alternatives which contribute to tackle the energy 
problem. Among these techniques, the concentrating photovoltaic technology deserves special attention.  
In the present work, a techno-economic analysis of hydrogen production using processes driven by solar energy 
is carried out. For the solar-based hydrogen production, a CPV-electrolyser system is considered. First, the 
techniques of hydrogen production are discussed. Emphasis is put on the use of renewable feedstock. Then, the CPV 
systems are briefly reviewed and their capacity of producing both clean and renewable electrical and thermal energy 
is highlighted. The technique of water electrolysis is briefly discussed, and the importance of using heat to increase 
the system energy efficiency and its economic viability is shown. Finally, a techno-economic assessment of the 
production potential and of the production cost of hydrogen using a CPV-water electrolyser system is carried out. 
Moreover, the effect of different parameters, such as the concentration ratio, the efficiency of the solar cells, the 
temperature and the capital costs, on the viability of hydrogen has been investigated. 
2. Methods 
2.1. Methods of techno-economic assessment of hydrogen production 
In the present work, an electrolyser unit coupled to a concentrator photovoltaic unit is considered. This system 
offers not only the generation of direct current (DC) power that is well suited for the electrolysis unit, but also 
flexibility and modularity. This system enhances also the production of hydrogen. Indeed, on one side, concentration 
increases the incident solar irradiance leading to a higher electrical energy generation and on the other side, heat 
generation leads to a reduction in electricity requirement for electrolysis [5]. Besides these units, the system includes 
the auxiliary units such as the control and regulation unit, the tracking system, the water supply and treatment unit, 
the heat exchanger unit and the produced gas separation unit.  
In the following, an assessment of the potential and of the cost of hydrogen production using this technique is 
carried out. 
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2.2. Potential of hydrogen production 
Concentrating photovoltaic unit: The CPV unit, needed for the generation of electricity and heat, is mainly made 
of parabolic trough reflectors for solar concentration and water cooled PV cells placed at the focal line of the 
parabolic trough. The system is equipped with a two-axis tracking system. The electrical energy generated is given 
by [5]: 
)(mod dbIAMcellopelec HHCKE  KKK
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Whereܪ௕  and ܪௗare respectively the beam radiation and the diffuse radiation incident on the reflector, ܥthe 
concentration ratio, ߟ௢௣  is the optical efficiency, ߟ௖௘௟௟ the cell efficiency and ܭூ஺ெ  is the electrical solar incident 
angle ߠ modifier which is given by the relation: 
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ܾ௢௘is a constant. It is reported to be equal to 0.003/°C [6]. 
 
Electrolysis unit: The electrolysis unit main component is the electrolyser cells rack. The energy required for 
water electrolysis, at temperature T, is theoretically given by the change in the enthalpy of reaction ΔH which is 
expressed by: 
ΔH = ΔG + TΔS  (3) 
ΔG is the change in Gibbs free energy and ΔS the change in entropy. The electrical energy required for water 
electrolysis is related to ΔG while the thermal energy to T ΔS. The thermal energy fraction required for electrolysis 
is thermodynamically determined. It depends on the temperature and the ratio of TΔS to ΔG. Details on the 
determination of ΔH and ΔS for the different elements entering in the electrolysis process have already been 
reported [7]. The hydrogen production potential n is given by [8]: 
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Where ηel is the electrolyser efficiency, ΔH is the enthalpy of reaction and ET is the total energy used for water 
electrolysis.  Electrolysis water temperature is assumed to 100 °C. The pressure is taken to be 5 bars.  
Solar radiation: Besides the performance characteristics of its components, the assessment of the system 
production capacity requires also knowledge of the level and distribution of solar radiation as well as the 
meteorological data such as wind speed and temperature. To this end, standard methods [9] are used. 
2.3. Cost of hydrogen production 
The cost of hydrogen production could be divided into the cost of electricity production and the cost of 
electrolysis. The electricity production cost is relative to the cost of the concentrating photovoltaic unit and the 
related operation and maintenance costs. The cost of electrolysis is relative to the cost of the electrolysis unit and the 
related operation and maintenance costs. Previous studies have shown that the capital costs depend on the size of the 
hydrogen production unit and on the technology maturity [10]. 
Electricity related cost: For the electricity cost, the cell capital cost Ccel, the PV capital cost Cmod, the balance of 
system (BOS) cost CBOS, the tracking system cost Ctr and the operational and maintenance costs and related costs 
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COM must be taken into account. Moreover, the capital cost CBP of the power related to the balance of system has to 
be added. The electricity production cost is then estimated using the following relation [11]: 
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 (5) 
The optical efficiency ηop , the module efficiency ηmod and the BOS efficiency ηBOS are taken to be 0.90, 0.12 and 
0.85, respectively. Ip is equal to 1 kW/m
2 and Hmod is the irradiance incident on the PV module. 
The value of the economic factor K has been estimated to be 0.096.  
Electrolysis related cost: There are different models for the electrolysis cost assessment [12]. In the present work, 
this cost is evaluated using the following relation: 
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with Cem being the electrolyser capital cost, i and ir the operating and rated current respectively, CF the 
electrolyser capacity factor and Kel the economic factor. The parameters f1 and f2 are constants that depend on the 
electrolyser technology. Values of these parameters are reported elsewhere [13]. 
3. Results and discussion 
Figure 1 shows the hydrogen production rate for different sites in Algeria. Earlier work has been carried out on 
hydrogen production using a regular flat PV-electrolysis system [3]. Comparing the results obtained in this earlier 
work and the present work, it can be seen that the hydrogen production rate using the concentrating photovoltaic 
system is much higher than that of using regular flat photovoltaic [3]. This is expected as the concentrating 
photovoltaic system allows collection of much higher solar radiation intensity and possibly thermal energyas a result 
of concentration. The collection of higher solar radiation intensity leads to a higher production of electrical energy 
and the use of thermal energy in water electrolysis reduces the need for electrical energy in hydrogen production. 
It can also be noticed that hydrogen production varies significantly over the months with the site region. For July, 
it is though practically the same for all the sites under consideration. This is not the case for the other months of the 
year where it is clearly much lower in the North. 
 
Fig. 1. Evolution of the mean daily hydrogen production rate in 
different months. 
 
Fig. 2. Seasonal evolution of the monthly mean of hydrogen production 
rate. 
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Fig. 3. Hydrogen production cost variation with solar concentration for different values of cell efficiency. 
The seasonal evolution of the hydrogen production rate is also investigated. Figure 2 shows that the production 
rate, for a given site, is not uniform through the seasons. For inter-regional hydrogen production rates, it can be 
noticed that t here are important differences in the hydrogen production between the different sites. This is 
particularly true for the winter season. 
The variation of the production cost of hydrogendependence of the solar concentration ratio for different values 
of cell efficiency is reported in Figure 3. From this figure, a fast drop in hydrogen cost with an increase in 
concentration ratio can be noticed. However, this drop in cost levels off. At high concentration ratios, concentration 
and even cell efficiency do not affect much this cost. 
In Figure 4, the concentrating photovoltaic fractional cost and the electrolysis fractional cost are reported. The 
concentrating photovoltaic fractional cost is the ratio of the concentrating photovoltaic unit related cost to the total 
cost of hydrogen production. It represents the fraction of the cost of hydrogen related to the concentrating 
photovoltaic unit. The same, the electrolysis fractional cost is the ratio of the electrolysis unit related cost to the total 
cost of hydrogen production. It represents the fraction of the cost of hydrogen related to the electrolysis unit.  
From this figure, it can be seen that at low concentration, the cost of hydrogen production is dominated by the 
concentrating photovoltaic unit-elated cost. It can though be noticed that this fractional cost drops as the efficiency 
and the solar irradiation increase. However, as the solar concentration increases, the CPV-related cost drops rapidly. 
The hydrogen cost is dominated by electrolysis unit-related cost. 
 
 
 
Fig. 4. Estimation of the hydrogen production fractional cost variation with solar concentration for different values of cell efficiency. C is the 
solar concentration ratio. 
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4. Conclusions 
Hydrogen production using the CPV-electrolyser system technique allows the production of high purity hydrogen 
necessary for operating fuel cells and other energy and non-energy-related applications. These results indicate that 
CPV technology could be used to produce hydrogen in an efficient and economical way. Indeed, using reflectors 
reduces the needed solar cells surface leading to a decrease in electricity production cost. Solar concentration leads 
also to higher energy intensity resulting in an increase in the specific electrical energy generation coefficient. 
Production rate increases with increase in solar concentration ratio and in electrolysis temperature. The hydrogen 
production rate cost, on the other hand, decreases with increasing solar concentration ratio. 
Experimental study of the production of hydrogen using a concentrating photovoltaic – electrolysis system is 
under consideration. The effects of different parameters, such as the meteorological conditions and the concentrating 
photovoltaic technology, on the performance of the concentrating photovoltaic – electrolysis system is to be 
investigated. This could be carried out in the framework of the partnership between African and European 
institutions. 
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